



















• Previous results of real-time (RT) Precise 
Point Positioning (PPP) zenith total delay 
(ZTD) estimates 








































≈ 6 mm, 30 mm 
in ZTD 
GNSS	Meteorology	






































Table 7 Biases in RT-PPP ZTD solutions to IGFT 
Solution Mean [cm] STD [cm] RMS [cm] 
BN01 3.17 4.61 6.04 
BN02 0.46 2.72 2.92 
PWFL 6.81 2.42 14.96 
GN01 1.16 0.82 1.43 
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Largely due to  




































































20 Global IGS/MGEX Stations: 
Stations (GPS, Glonass, Galileo) 
Stations (GPS, Glonass) 
13 are close to radiosonde sites 
RT	Satellite	Tracking	at	BRST	
(Example	for	DOY	45,	2016)	
At least 6 GPS and 4 GLONASS satellites were tracked and on average 9 and 







 All data processing modes during the two hours of DOY 45, 2016  
Ini)aliza)on	Times	for	BRST	
 All data processing modes for DOYs 45-75  
Forced re-initialization every two hours 
Average	Ini)aliza)on	Times	








wrt final troposphere products from USNO 
Mean	Biases	and	SD	of	
	RT	ZTD	wrt	USNO	



















All differences are generally within ±4 cm. RFLT is worst while the STD 
of the others is about 9 mm.  
STD	of	RT	ZTD	Errors	wrt	
RS	Observa)ons	
All stations (13) and all data processing modes  
Conclusions	
•  We	have	brieﬂy	presented	the	RT	PPP	ZTD	processing	systems	at	UL	
–  Contribu)ons	to	GNSS4SWEC	RT	demonstra)on	campaign	
–  New	RT	system	based	on	a	modiﬁed	PPP-Wizard		
•  For	the	RT	system	using	PPP-Wizard	we	ﬁnd	for	a	1-Month	comparison:	
–  Convergence,	the	results	reveal	that	an	average	ini)aliza)on	)me	of	22	min	
and	10	min	respec)vely	based	on	GLONASS-only	and	GPS-only	observa)ons	is	
required.	The	ini)aliza)on	process	can	be	accelerated	by	both	RT	PPP	
ambiguity	resolu)on	and	u)lizing	GNSS	observa)ons,	whereby	the	larer		
(observing	geometry)	is	more	eﬀec)ve	(8,4	min).		
–  Accuracy,	the	results	reveal	that	all	processing	systems	can	fulﬁll	the	user	
requirements	for	now-cas)ng,	however,		
–  the	accuracy	is	improved	more	eﬀec)vely	through	ambiguity	resolu)on	rather	
than	using	mul)ple	GNSS.	This	might	be	due	to	the	lower	quality	of	the	
Glonass	products	and	the	weigh)ng	strategy.	
–  The	best	accuracy	is	achieved	for	the	MFIX	solu)on	with	an	RMS	of	approx.	
8	mm.	
Thank	you	for	your	aren)on	
and	for	your	collabora)on!	
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Contribu)ons	to		
GNSS4SWEC	WG1	RT	Campaign	
•  University	of	Luxembourg	(UL)	provided	two	RT-PPP	solu)ons	
–  Solu)on	based	on	GPS	observa)ons	only	
–  Solu)on	based	on	GPS+GLONASS	observa)ons	
•  Processing	so]ware:	BKG	Ntrip	Client	(BNC)	v2.11	
	
	
	
	
	
	
	
	
	
•  Discon)nued	due	to	poor	performance	and	development	of	new	system	based	on	a	
modiﬁed	PPP-Wizard	
Real-Time	Solu;on:	 ULXG	 ULXR	
Processing	Strategy	 PPP	 PPP	
Observa;ons	Used	 GPS	Only	 GPS+GLONASS	
Processing	Engine	 BNC	2.11	 BNC	2.11	
Input	Raw	Data	 Real-)me	streams	
(RTCM3)	
Real-)me	streams	
(RTCM3)	
Input	Clock	Stream	 IGS03	(IGS)	 IGS03	(IGS)	
Input	Ephemeris	Stream	 RTCM3EPH	(IGS)	 RTCM3EPH	(IGS)	
Ambiguity	Resolu;on	 No	 No	
